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Sweihan is located in the northeast of Abu Dhabi Emirate, the United Arab Emirates. 
Sweihan landscape is sand dune ridges, which could reach a maximum width of 2 
km, and a height of 30 meters, whereas the agricultural fields concentrated in the 
interdune spaces. Groundwater in Sweihan area is characterized by low recharge 
amounts, which is being used mainly in irrigation purpose. The intensive agricultural 
activities in the study area caused depletion and contamination of the groundwater 
due to heavy uses of organic and chemical fertilizers, as well as heavy pumping. The 
hydrochemical analysis of 27 samples of groundwater from the study area indicated 
that the groundwater is characterized by high salinity (high TDS and EC), and high 
concentrations of chromium, lead, and strontium. Thus, the area of the study is not 
suitable to be used for domestic uses. Groundwater samples were evaluated for 
agricultural uses by calculation SAR, TH, Na percentage, MAR. By using these 
parameters, groundwater of the study area has found to be unsuitable for agricultural 
purposes. Two water geneses have originated, the first is paleo-marine water origin 
of Magnesium chloride water type, which indicated over pumping of deep water 
where old marine deposits was existed. The second is meteoric water origin of 
sodium sulphate-water type indicating an occurrence of infiltration of rainfall and 
ion exchange processes.  The analysis showed that the dominance of sodium and 
chloride in the area due to agricultural effluents, gives good reasoning of high 
salinity in the studied area. Isotopes analysis of hydrogen and oxygen of fifteen 
groundwater samples emphasized that the study area has high evaporation rates, 
which affects the groundwater quality.  
Keywords: Groundwater assessment, groundwater quality, hydrochemical facies, 







Title and Abstract (in Arabic) 
 تقيم المياه الجوفية في منطقة سويحان، شمال شرق إمارة أبوظبي
 لملخصا
المنطقة  صفاإلمارات العربية المتحدة. تت ،تقع منطقة سويحان في شمال شرق إمارة أبو ظبي
تتركز  بينما كيلومتر 2متر وتمتد إلى  03يصل ارتفاع بعضها إلى  قد بطبيعة الكثبان الرملية التي
الزراعية بين الكثبان الرملية. تتصف المياه الجوفية في المنطقة بانخفاض معدل التغذية لمساحات ا
تعاني المياه الجوفية في منطقة الدراسة من النضوب دامها في ري المحاصيل الزراعية. واستخ
نتيجة  والتلوث نتيجة اإلفراط في استخدام األسمدة العضوية والكيميائية وكذلك الضخ المفرط.
منطقة الدراسة تبين ارتفاع ملوحة المياه الجوفية مياه آبار  عينة من 22كيميائي لعدد الليل التح
)ارتفاع نسبة األمالح الذائبة والتوصيلية الكهربائية(، وارتفاع تركيز معادن الكروم والرصاص 
استخدام  .اآلدميوالسترونتيوم ولذلك فإن المياه الجوفية في منطقة الدراسة غير صالحة لالستخدام 
اثبت بان المياه  قييم المياه الجوفية في منطقة الدراسةلت SAR, TH, Na%, MARمعادالت 
من خالل الدراسة الهيدروجيوكيميائية للمياه، تبين  و غير صالحة للري الزراعي. أيضًاالجوفية 
هو المياه العميقة المليئة  األولوجود مصدرين للمياه الجوفية في منطقة سويحان، المصدر 
بالمعادن واألمالح التي تسللت إلى الخزان الجوفي نتيجة الضخ المفرط للمياه الجوفية، والمصدر 
الثاني هو المياه العذبة التي تدل على وجود عمليات التبادل األيوني وتسرب مياه األمطار إلى 
العنصرين السائدين في المياه الجوفية  وأظهر التحليل أن الصوديوم والكلور هما الخزان الجوفي.
أما  نسبة إلى النفايات الزراعية السائلة مما يعلل زيادة ملوحة المياه الجوفية في المنطقة المدروسة.
عينة من المياه الجوفية أن  51دراسة النظائر المستقرة لعنصري الهيدروجين واألكسجين في 
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The Abu Dhabi Emirate is the largest one of the seven emirates constituting the 
federal state of the United Arab Emirates (UAE). Abu Dhabi is located at the far 
west and southwest part of the UAE along the southern coast of Arabian Gulf; Abu 
Dhabi lays N 24° 28' 0.2202", E 54° 21' 59.976". Its area occupies 87% of the UAE 
(i.e., about 67,340 km2). It is bounded by Sultanate of Oman at the east, Saudi 
Arabia from the south and west; Arabian Gulf at the north as shown in (Figure 1).  
 
Figure 1: Map shows the location of the study area in Abu Dhabi Emirate 
 
Abu Dhabi is divided geologically into four distinct regions as Abu Dhabi 





2014). Abu Dhabi is geologically dominated by the sand dunes that reach 300 meters 
high in some areas. The Eastern region is boarded by Hajar Mountains in the East. 
Hafeet Mountain, which is located South of Al-Ain city have the highest elevation of 
about 1,160 meters in Abu Dhabi Emirate (Abu-Zied, 2001). 
1.2. Climatic Conditions 
Abu Dhabi Emirate is located in a sub-tropical dry region. Because the tropic of 
Cancer runs through its southern part, the Emirate experiences high temperature 
almost all the year with very hot summer period. Key seasons of Abu Dhabi are 
summer and winter. Summer season (June to September) is very hot reaching up to 
48ºC in the Western region;  humidity is high and might reach 69% when getting 
closer to the coast and lower in south and southwest areas and 75% in the Islands 
(Abu Dhabi Statistics Center,2014).  
Furthermore, temperature in winter ranges from 32ºC during the daytime and 
4º C at night. It could reach zero Celsius on some high mountains in Al-Ain (Abu 
Dhabi Statistics Centre, 2014). Winter season, covering December to March, is 
affected by  the Siberian High Pressure System, which gives the area Shamal winds 
in the North and heavy fog incidences late at night and in the early morning. 
Autumn, October to November, is not very significant but known to have high winds 
and frequent fogs. Spring comes on April and May. The extension of a tropical 
cyclone from the Indian Ocean to the Arabian Gulf results on rain and 







Figure 2: Minimum/Maximum temperatures of Abu Dhabi regions in 2013 
(Adapted from ADSC, 2014) 
The main two sources of rainfall in the Emirate are the Southwest Monsoon and 
Shamal winds. Between July and December, the SW Monsoon causes rainfall in the 
eastern part of Abu Dhabi, Al-Ain and the mountainous region. Shamal winds are 
responsible for winter and spring rainfall through the months of December to April 
(Glennie, 2002). Average rainfall in the Emirate was 77.6 mm in the year 2013. The 
highest amounts of rainfall occur in November. 
Among all regions of the Emirate, Eastern Region tends to have the heaviest 
precipitation amounts that reach 125.8 mm on November. Although, the western 
region has less precipitation ranges through all months compared with Al-Ain, it 
only peaks to 124.2 mm on April (Abu Dhabi Statistics Centre, 2014). (Figure 3) 













Mini Temp - Abu Dhabi Mini Temp - Eastern Region
Mini Temp - Western Region Mini Temp - The Islands
Max Temp - Abu Dhabi Max Temp - Eastern Region






Figure 3: Precipitation in millimeter of Abu Dhabi Emirate  regions in 2013 
(Adapted from Statistical Year Book, 2014) 
Sweihan city is located in the northeast of Abu Dhabi Emirate and northwest 
of Al Ain city. It is situated in the latitudes 24°28 north and the longitudes of 55°22 
east. During summer, temperature reaches from 22.3°C to 50.9°C on June and peaks 
from 25.3°C as a minimum to 48.1 on September. Humidity is high during the year 
reaching 11-100% on January. Temperature cools down to 3°C-33°C during winter. 
Rainfall is rare in Sweihan as it is mostly desert covered with sand dunes. The 
highest amount of rainfall recorded during the years 2003-2011 was 12mm on 































1.3. Water Resources of Abu Dhabi 
Water resources in the UAE are categorized into conventional resources including 
groundwater and surface water, which is restricted in the Eastern Region only 
including occasional wadis flow, springs and falajes. Groundwater is the main water 
resource in the Emirate, especially in the Eastern Region where the study area is 
located. On the other hand, non-conventional resources consist of desalination of 
brackish groundwater and seawater, and treated wastewater (Aquastat, 2008). 
Mohamed (2014) shed light on the availability of water resources in Abu 
Dhabi Emirates; the groundwater accounts for 80% of total water used, while the 
remain 20% is shared between desalination seawater (17%) and treated wastewater 
(3%) as illustrated in Figure.4. 
 













1.4. Conventional Water Resources 
Renewable water resources in Abu Dhabi are limited to groundwater (GW), and 
surface water including wadis flow, some springs and falajes. The rainfall is very 
scarce, random and infrequent, and usually feed aquifers rather than accumulating on 
the surface. Falajs are dry and no longer used. Some springs and wadis are present 
and located in the eastern region of Abu Dhabi (Rizk, 1998).  
The annual total demand of Abu Dhabi Emirate was 3.4 billion cubic meters, 
where 62% of is for groundwater. About 18% of the groundwater is actually used 
because 3% of it is fresh and 79% is desalinated (EAD, 2012). The average 
withdrawal of groundwater in Abu Dhabi reached 2,250.9 Mm3 in 2010, while the 
average was 2,400 Mm3 in 2009. Withdrawal of groundwater in Abu Dhabi is being 
increasing yearly due to heavy pumping of groundwater (Abu Dhabi Statistical 
Yearbook, 2012). Reserve of groundwater, in contrast, is decreasing over years, 
which might due to infrequent rainfall and low recharge rates (Osterkamp, 1995).  
A summary of groundwater resources reserve for Abu Dhabi on the three 
different groundwater type on 2010 in mm3 (EAD, 2011) is illustrated in (Figure 5). 
Total number of groundwater wells is 40,000 distributed in Al-Ain, central region 
and western region (Al-Hosani, 2010). Referred to EAD estimations in statistical 
yearbook 2011, the number of working wells in the whole Emirate is 68,200 wells 






Figure 5: Groundwater reserves by type (mm3) for Abu Dhabi Emirate in 2010 
(EAD, 2011) 
Springs are concentrated groundwater that are discharged and flow in the 
surface ground (Todd, 1980). Springs can have therapeutic values that are rich of 
sulphur, or fresh springs used for drinking. The only spring that is famous for Abu 
Dhabi, is Bu-Sukhanah spring, which is located in Al Ain city. Bu Sukhanah had 
high discharge records during 1984-1991estimated by 2.50 Mm3/yr. Rainfall and 
groundwater circulation systems in Northern Oman Mountains (Rizk, 2003). 
The falaj is a manmade channel or stream, which intercepts groundwater then 
brings water to surface by channel without any external influence. Falajs are 
concentrated in Al Ain city, which includes Al-Ain, Al-Daudi, Al-Hili, Muwaiji, Al-
Jimi, Mua'tarad and Al-Qattara falajes (Alsharhan, 2001). Wadi remains dry until 
rainfall occurs and flows through. When flow becomes heavy and rapid flash floods 









The topography of the area and high levels of precipitation caused by Hajar 
Mountains and Oman’s Mountains causes floods to occur. The most environmentally 
hazardous floods counted for wadi-Shik, Sidr and Ain Al-Faydah in Al Ain (Rizk, 
1998). In March 1997, a flush flood occurred in Al-Quaa due to heavy wadi flow in 
Al-Fatah/Dank catchments. Wadis are located between Oman and Abu Dhabi, 
eastern region, and share 12 main catchments. The total mean annual surface wadi 
that flew in the area was 7.6 mm3/ year (Dawoud, 2007) as shown in (Table.1). 
Catchments Flow within UAE- Abu Dhabi Emirate (Mm3/yr) 
Catchments 
Surface water runoff         
(wadi flow) 
Groundwater        
(through flow) 
Sumayni 0.2 1.4 
Safwan 1.5 2.6 
Musaydirah Kahal 1.4 1.9 
Al Wadiyain 0.6 4.7 
Hamad 1.9 1.1 
Ajran 0 1 
Sifah 0 2.6 
Sharri 0 2.3 
Al Fatal 2.1 2 
Dank 0 7 
Sawmahan 0 2.6 
Al Hawl 0 1.6 
Total 7.6 30.9 
Table 1: Catchments flow within UAE- Abu Dhabi Emirate (mm3/year) 
(USGS, 1996) 
1.5. Non-Conventional Water Resources 
Desalination is a process of removing salt and other particulates from seawater, 
brackish water to make it potable for different human consumption. The first plant 





the desalinated water then gradually increased as demands for industry and 
agriculture increased (Rizk, 1999).  
Desalination plants have increased to 46 desalination plants concentrated in 
the coastline of Arabian Gulf and Gulf of Oman. Desalinated water production has 
raised in 2013 to 1112.12 Mm3, which increased of about 2.5% compared with 2012. 
The main large plants in Abu Dhabi are Abu Dhabi, Um Al-Nar, Taweela, Mirfa 
desalination plants (McDonnell, 2014). 
Desalination processes vary in desalination plants. The advanced system used 
is Thermal Cogeneration producing water and electricity, Multi-Stage Flash (MSF) 
distillation and Multi-Effect Distillation (MFD). Other plants are using Reverse 
Osmosis (RO) system but not common in use. Thermal Cogeneration plants accounts 
for 93% of the total desalination capacity in Abu Dhabi Emirate in 2011(Assaf, 
2014).  
Abu Dhabi consumption of desalination water differs from sector to another 
and from region to another does.  The total consumption of desalinated water in the 
year 2013 was 1082.4 Mm3. The consumption of desalinated water was in the year 
2013 by percentage as the following, Abu Dhabi city 61%, Eastern Region 27% and 
Western Region 12% (Abu Dhabi Statistical Yearbook, 2014). Figure.6 illustrates 
the percentage of different desalination systems of the total capacity in Abu Dhabi 






Figure 6: Desalination percentage of each system in Abu Dhabi  in 2011 
(Assaf, 2014) 
 
Both industry and commerce sectors have come to be the heavy-used 
consumers of the desalinated water. The public sector, domestic and agricultural 
consumption is the next. On the other hand, the main consuming sector in Eastern 
Region is the agriculture followed by the domestic and public utilities, whereas in 
the Western Region, the main consuming sector is the government followed by the 
domestic and commercial. (Figure 7) illustrates the consumption of the desalinated 
water by various sectors at the different regions of Abu Dhabi Emirate (Abu Dhabi 












Figure 7: Percentage of desalinated water consumption by regions & sectors in 2011 
 
Treated wastewater is the other non-conventional source used in the Emirate. 
In 1980s, the idea of reusing wastewater after treatment was introduced to meet some 
of the demands in the Emirate (Al-Zubari, 1998). The amounts of treated wastewater 
are increasing due to high economical and developmental standards. The production 
of treated and reused wastewater has increased in 2013 reaching 283 mm3.  
Abu Dhabi Island produces 74% of the total production, Eastern Region 
produces about 41% and Western Region has the least production percentage of 5% 
(ADSSC, 2014). There are 28 sewage treatment plants are now operating; the largest 
are Zakher and Mafraq plants.  The main uses of wastewater are in irrigating parks, 






1.6. Statement of the Research Problem 
Sustainability of groundwater in the Emirate is facing a catalogue of serious threats, 
which could affect the availability of water resources as a whole. Those threats 
include groundwater depletion and continuous deterioration with rainfall scarcity and 
inadequate levels of management. Water level is decreasing due to high rates of 
consumption, heavy pumping practices and limited amount of recharge (FEA, 2002).  
As the population increases and the per capita living standards increases, the 
demand of water increases which put more stress on groundwater and leaves a gap 
between supply and demand (EAD, 2009). The highest amount of groundwater is 
consumed by agriculture sector, which accounts for 69% of the total water 
consumption. The cultivated areas are concentrated in southeast and Eastern Region 
of Abu Dhabi Emirate (Mohamed, 2006). The total cultivated area has reached to 
752,839 donums (one donum = 1000m2) in 2013 in Abu Dhabi Emirate (ADFCA, 
2014).  
The systems that are used in the Emirate generally for irrigation are sprinkler, 
localized irrigation, and basin and furrow for surface irrigation (Aquastat, 2008). The 
total cultivated land occupies 752,839 donums, producing a variety of crops, fruits, 
vegetables and windbreaks. Rhodes and palm trees are on the top of water consumers 
in the field. Several farms are going out of production because of lack of water 
supply, especially in the Eastern Region (ADFCA, 2012). Wrong practices from 
unaware workers in disposing wastewater from farms and industries and overuse of 
fertilizers could contaminate the groundwater and change its suitability for human 





The salinity is increasing due to heavy use of groundwater and low recharge. 
Salinity of groundwater in Abu Dhabi Emirate ranges from 1,500 mg/l - 125,000 
mg/l (Environmental Atlas of Abu Dhabi, 2011). Another issue is the imbalance 
between the recharge and discharge, which has led to dramatic depletion to the water 
table in groundwater zones. In 2005, groundwater used where reduced to 18% 
comparing to 2003 (10%) due to aquifer depletion (EAD, 2006).  
Sweihan region is located in the northeast of Abu Dhabi and northwest of Al-
Ain City. Sweihan cultivated area estimated was 11,156 donums of 275 farms in 
2011 and covered 2% of total cultivated area in the Eastern Region. Only 270 farms 
with an area of 11,002 donums are working while the remaining five farms are not 
active. There are number of different crops recorded in the area.  
Field crops of rhodes, alfalfa and dates comes on the first order of production 
in the area, followed by fruit crops including banana, cider fruit, mango, lemon, figs, 
pomegranate, orange, murus alba and grapes. Vegetables are also cultivated such as 
tomato and cucumber. Moreover, forest tree is widespread in the area including Ghaf 
and Cider (ADFCA Statistics Book, 2011).  
The main water source used for irrigation and domestic is groundwater. 
According to ADFCA (2011), number of wells in Sweihan was 1317 where 786 are 
working wells with an average depth of 400 meters. Recently, groundwater has been 
depleted in the area, and farmers are complaining of not getting enough amounts of 
water for their crops. Many farms are not operating because of water shortage. As 





After meeting a group of farmers in the region, and according to field 
research of 508 groundwater samples in Al Ain and the surrounding cities including 
Sweihan conducted by Al-Salamat Laboratory in Sweihan (ADFCA, 2005), the area 
was suffering from high concentrations of nitrate that ranged from 3-70 mg/l and 
salinity that ranged from 1,904 to 13,090 mg/l.  
According to Bollaci et al (2010), high concentrations of heavy metals and 
pollutants coming from fertilizers in particular, such as chromium, boron and 
fluoride were noticed.  In addition, 80% of these samples contained amounts of 
nitrates that exceeded WHO standards. High concentrations of pollutants cause 
economic and public health challenges. Not only it becomes a health hazard for 
human consumption, but also it has an effect on agriculture and natural vegetation in 
the area. 
1.7. Objectives 
The study aims to assess the groundwater quality chemically by using major anions 
and cations and trace elements especially heavy metals in the region of Sweihan, 
northeast of Abu Dhabi Emirate. Moreover, the study focuses on the main factors 
that affect the quality of groundwater in the study area. In addition, the study 
provides a clear evaluation of the availability of using the groundwater of the region 
for domestic and irrigation purposes. The isotope analysis will evaluate the factors 








GEOLOGY AND HYDROGEOLOGY OF SWIEHAN 
2.1. Introduction 
The Sweihan is located west of Al-Ain city and east of Abu Dhabi capital connected 
by road network with neighbour areas. The study area lies at latitude 24°28 N; 
longitude 55°22 E; its elevation approximately 150 meter above sea level (Figure. 8).  
 





On the other hand, Sweihan area considered as a typical desert aridland, 
characterized with sand dunes separated by lower lying inter-dune areas. Sweihan 
region is a famous for agriculture, mostly private farms with high production rates. 
Most farms are suited between dune ridges. Natural vegetation is generally sparse, 
though the study area and has higher rainfall rates than the western desert region. 
The below field photos as shown in (Figure 9) describing the following 
geological features of the Sweihan study area: 
a) The dunes in the study area.  
b) Inter-dune areas covered with natural vegetation.  
c) Conglomerate layer in the study area.  
d) Inter-dune areas without natural vegetation.  
e) Close up view for the conglomerate layer.  
f) Farms in the study area.  
g) Sand dunes in the study area.  












2.2 Geology of Swiehan Area 
Few field studies have been published on the geology of the Sweihan area, e.g. 
Ahmed et al. (1998), Alsharhan et al. (1998) and Abu-Zeid et al. (2001). The latter 
studies concentrated on the sedimentology of the dunes and inter-dune areas.  
Those studies concluded that the Sweihan dunes and inter-dunes were 
accumulations of well-sorted fine sands that consisted mainly of quartz and 
carbonate grains, with small amounts of chert, feldspars and heavy minerals similar 
to those present in rocks of the Zagros and Hajar Mountains. Hunting (1979) noted 
that the sand grains of the Emirates desert areas consist of well-rounded carbonates 
and quartz with minor proportions of mafic and ultramafic igneous rock fragments. 
2.2.1. Lithostratigraphy of Tertiary Rocks 
The Tertiary age bedrock units are described below from oldest to youngest. These 
geological features of Sweihan area were detailed (as shown in Figure 10 and Figure 
11) by Thomas et al.   (2012). 
 







Figure 11: Geological map showing the topography of the study area 
 
The Tertiary geological features are demonstrated in the following geological 
formations: 
1) Barzaman Formation of Middle Miocene to Pliocene Age – this formation 
consists of mainly well-cemented polymictic conglomerates. It was deposited 
on fluvial fan deposits that debouched from the Hajar Mountains. 
2) Hili Formation is widely distributed in the Sweihan area, with best 
exposures in the inter-dune areas where it overlies the Barzaman Formation. 
It consists of quartz-rich conglomerates, pebbly sandstone, sandstone, 
siltstone and mudstone. It represents inter-bedded fluvial and aeolian deposits 





sediments of the Hili Formation are distinguished from those of Barzaman 
Formation by the matrix, which contains brown sand, gravels and grits, while 
the Barmazan sediments contain white dolomite fragments. 
2.2.2. Quaternary 
The bedrock of the Sweihan area is broadly covered by Quaternary sediments. These 
sediments vary in colour from red and pink to white and include mainly aeolian 
sands heaped into dunes and aeolianite deposits as shown previously in Figure 9. 
These sediments principally derived from earlier reworked Quaternary aeolian, 
marine and fluvial deposits to contain a mixture of carbonate and siliciclastic 
material.  
Probably, the concerned sediments had been transported from neighbouring 
areas as Saudi Arabia, Iraq and Iran; among these formations were:  
1) Ghayathi Formation  is exposed in the northwest of the area, and 
composed of pale cream-colored carbonate aeolianite. It overlies the Hili 
Formation. The bedrock of the Sweihan area is broadly covered by 
Quaternary sediments. These sediments vary in colour from red and pink to 
white and include mainly aeolian sands heaped into dunes and aeolianite 
deposits (Figure 9). The sediments were principally derived from earlier, 
reworked Quaternary aeolian, marine and fluvial deposits, and contain a 
mixture of carbonate and siliciclastic material, probably transported from as 
far away as Saudi Arabia, Iraq and Iran. 
2) Dune ridges are present in the Sweihan area and describe a broad arcuate 





east. The ridges can reach a maximum width of 2 Km, and a height of 30 m 
above the surrounding inter-dune areas. 
3) Sabkha was formed when wind erosion deflated the ground surface down to 
a level just above water table, and within the capillary zones. Sulphate-rich 
groundwater brines evaporated allowing the formation of gypsum in the 
superficial sediments or bedrock that underlies the inter-dune areas. Sabkha 
layers are distributed in small inter-dune areas especially in the northwest of 
the study area. The Sabkha lie above Barzaman, Hili and Ghayathi 
Formations. In some areas, Sabkha are active, particularly where the water 
table is very close or just above the ground surface, leading to gypsum 
deposition from saturated brines and local colonization by green algal 
masses. 
2.3. Sweihan Hydrology 
Aquifers of Sweihan are mostly shallow with a maximum depth of 50 meters. The 
depth increases continuously due to heavy pumping of groundwater for agriculture 
and other purposes. Nowadays, the depth could reach 500 meters. The aquifers are 
thick reaching 40-50 meters and salinity of 1,500 – 10,000 mg/l (Environmental 
Atlas, 2011; Garamon, 1996).  
On the other hand, about 80% of aquifers in the UAE are quaternary sand and 
sand with gravel aquifers. Sweihan aquifers are unconsolidated shallow deposit and 
considered one of the productive aquifers in the Emirate. Aquifers are quaternary 
sand and gravel aquifers underlain by the Upper Fars Formation as basal unit 





The UAE aquifers are categorized into three flow types, which are local, 
intermediate and regional. Groundwater moves from East to west for all flow types.  
Sweihan aquifers are considered regional flow type. Regional aquifers have 
slow movements with long residence groundwater system. Moreover, the main 
hydrochemical characteristics for regional flow type are high temperature rate and 
high-mineralized groundwater, and long recharge time reaching 15,000 years. As the 
aquifer has long residence time, it results in accumulation of salt in the aquifer and 
dissolution of salts in groundwater. Sweihan shallow aquifers are considered as 
chloride type aquifers (Brook, 2006).   
The lithology of Sweihan aquifers are, in general, marly nature that covered 
by clay and gypsum in some area, then there are some conglomerate and dolomite 
rocks, but mostly gravel, covered by sand at the top. Most of the sands covered are 
fine to medium fine and loose sand type. The upper parts of the aquifer have 
moderate permeability and high porosity underlying by gravel and conglomerates, 














To meet the objectives, water samples were collected from the study area, measured 
in the field using physical parameters, and stored in permeable way. Samples were 
tested for anions, cations and trace elements at UAEU laboratories. In addition to 
that, isotopes analysis was also performed. Precautions and controls were taken 
before and during the entire measurements. 
3.2. Sampling 
Sampling has taken place in January 2010. About 27 groundwater samples were 
collected systematically from different wells using two pathways, from north to 
south and from east to west in the study area as shown in (Figure 12).  
From each well, two bottles of samples were collected; each with a volume of 
1 litre. For major cations and heavy metals samples was acidified with nitric acid 
(HNO3 65%). Samples in the laboratory are preserved at cool temperature of 4ºC. 
Additional 15 groundwater samples with 20 ml each were collected for hydrogen and 
oxygen analysis in glass tubes with V-shape plastic cap to prevent evaporation. 
Bottles were transported and stored in cold container (< 4oC). 
3.3. Field Measurements  
Collected groundwater samples were measured in the field for pH (H+ ion 





total dissolved solids (TDS); salinity were performed in the field using Hanna 
Instrument (HI9828). GPS (Garmin-Montana650) employed in positioning locations; 
AquaChem™ software used for graphical presentation and Surfer Manipulation™ 
software for the maps presentation by Inverse Distance Weighting method. 
 





3.4. Laboratory Measurements 





-, Cl-, and PO4
-, were detected in the samples 
using Ion Chromatography (IC) (Dionex ICS-2000). Anions’ testing was performed 
in the Chemistry Laboratory at UAE University. For cations including Na+, Mg+2, 
K+, Ca+2, and trace elements including Pb, Ba, Cr, Cd, As, Mn, F, Fe, Sr, Ni, Al, Co, 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (Varian 715-ES) was 
used to determine the elements present in the samples especially heavy metals and 
quantify their concentrations. Measurements were done in mg/l in the Geology 
Laboratory at the UAE University. All instruments are listed in Plate 1.  
For quality control, all glassware used in the measurements cleaned, rinsed 
with water, 1% nitric acid and deionized water prior to next use. Samples with high 
dissolved solids are diluted to ensure correct results, as they have different viscosity 
and nebulation rate than the standards. Proper care is taken in the preparation and 
storage to avoid contamination (EMSL, Method 200.7). 
3.5. Stable Hydrogen and Oxygen Isotopes 
Fifteen groundwater samples were collected for hydrogen and oxygen isotopes 
analyses. About 20 ml of water samples were stored in sealed airtight glass bottles. 
The collected samples were analysed using a laser evaporation-based mass 
spectrometry at the Centre for Ice and Climate in University of Copenhagen, 
Denmark. The data was reported in the usual δ notation with respect to the Vienna 
Standard Mean Ocean Water (VSMOW). The precision for δ18O is 0.1-0.2 per 





Plate 1: The instruments used in the field and laboratory measurements 
Hanna Instrument (9828) Ion Chromatography (Dionex ICS-2000) 






RESULTS AND DISCUSSION 
4.1. Physical Properties 
Physical properties are important in determining the quality and acceptability of 
groundwater in a certain area. The parameters used in studying the quality of 
groundwater in the study area are temperature, hydrogen ion concentration (pH), 
electrical conductivity (EC), and total dissolved solids (TDS). Below is a detailed 
discussion about the results of those parameters in the study area. 
4.1.1. Temperature  
Temperature of the aquifer plays a critical role in physical and chemical behaviour of 
the water system. The range of temperature of Sweihan groundwater samples is from 
29.2 to 32.5 °C. These high temperature values indicate an arid region with low 
rainfall and low recharge level (Murad, 2011). The temperature is increasing toward 
the northeast and northwest of Sweihan and cooling down in the centre and the south 






Figure 13: Contour map shows temp. distribution of GW samples in study area 
4.1.2. Hydrogen Ion Concentration (pH) 
The pH is one of the most common water quality indicators for testing the sample's 





the sample. The pH measurements have a scale from 0 to 14, where 7 considered a 
neutral. Solutions with pH below 7.0 are considered as acidic nature, while solutions 
with a pH above 7 up to 14 are considered basic nature or alkaline (WHO, 2003). 
The pH of water is influenced by many factors; among the most common are 
the bedrock and soil composition, which the water gets in contact with it. Other 
factors may be the amount of plant growth and organic materials in the flow (Oram, 
2014). Hydrogen ions are such small molecules that easily enter the mineral 
structures and change the amount of some dissolved components in groundwater.  
In other words, the more availability of hydrogen ions in water (greater the 
value), the lower the pH, which means more acidic, the higher the Total Dissolved 
solids (TDS) as a result of high bicarbonate presence HCO3 deriving originally from 
a reaction of   water molecules (H2O) and the abundance of CO2 in the atmosphere 
(Nelson, 2002). In relation with TDS, pH is slightly basic where TDS is at low 
amounts (south and southeast), and the high TDS in the northwest, the more pH 
becomes neutral. According to World Health Organization guidelines, (WHO, 2011) 
pH less than 6.5 or greater than 9.2 impairs the portability of the groundwater for 
drinking purposes.   
In addition, pH usually has no direct impact on human health if stays around 
the neutral value. The pH values for groundwater samples in Sweihan are within the 
permissible limits. The pH values for groundwater in the study area are varied from 
7.2 to 8.9. The pH is more neutral in the centre of the study area and becomes more 












In relation with TDS, pH is slightly basic where TDS is at low amounts 
(south and southeast), and the high TDS in the northwest, the more pH becomes 
neutral. According to World Health Organization (WHO, 2011) guidelines, pH less 
than 6.5 or greater than 9.2 impairs the portability of the groundwater for human 
drinking purposes.  In addition, pH usually has no direct impact on human health if 
stays around the neutral value. The pH values for groundwater samples in Sweihan 
are within the permissible limits. 
4.1.3. Electrical Conductivity (EC) 
Electrical Conductivity (EC) expresses the concentration of ionized substances in 
water. The maximum permissible concentration of EC for drinking water according 
to WHO is 1400 µS/cm (WHO, 2011). The electrical conductance is a measurement 
of total ionic concentrations in the water at a standard temperature of 25°C, which 
allows the electricity to go through (Todd, 1980). Sweihan samples showed values 
varied from 4590 µS/cm to 25,600 µS/cm as the highest value of the sample No. 24. 
As shown in Figure 15, the EC high values are concentrated in the west, especially 
northwest of the region. 
The EC is an essential factor in determining the quality of water. According 
to the values measured, Sweihan groundwater is not suitable for drinking, as the EC 
exceeded the permissible limit of the WHO (Gupta, 2009). The EC is related directly 
to total dissolved solids present in the water. If dissolved solids increase in the water, 
the EC increases as the presence of cations and anions causes increases of conducted 
electricity. High amounts of TDS present in the sample are the core reason of having 
high EC amounts in Sweihan samples (Harter, 2003). TDS will be discussed in 











4.1.4. Total Dissolved Solids (TDS) 
Total dissolved solids (TDS) are one of the geochemical parameters used to evaluate 
groundwater quality. TDS are matters that stay in water after evaporation and 
accumulate after dryness. They are inorganic salts such as calcium, magnesium, 
potassium, sodium, bicarbonates, chlorides and sulphates, and small amounts of 
organic matters that are dissolved in water (Harter, 2003).  
In addition, TDS can originate from natural sources such as minerals 
weathering from rocks, sewage effluents, agricultural runoff and industrial 
wastewater (Chilton, 1996). Regarding WHO standards, concentration of TDS in the 
water should not exceed 100 mg/l to be potable for drinking purposes (WHO, 2011). 
The TDSs consist of ionic salts, which conduct electricity to indicating a general 
nature of salinity in the water, and related to total electrical conductivity. Water with 
high TDS have salty taste and produce scales on cooking vessels and boilers, water 
pipes, household appliances. However, TDS is not recorded to have any adverse 
effect on human health (Etekwana, 2004).  
In Sweihan samples, the TDS ranges from 2,938 to 16,384 mg/l. High values 
are concentrated heavily in the northwest reaching 16384 mg/l in sample No.24 and 
decreasing toward the east and southeast. Regarding the WHO standards, all samples 
in the study area exceeded the permissible limit of 1000 mg/l. The high 
concentration of TDS is correlated to the presence of ionic salts, which are sodium, 
potassium, magnesium, calcium and chloride.  
These ionic salts are present from natural sources from precipitation and 





present in the study area contributes to TDS accumulations, which are gypsum, 
dolomite, feldspars, and chert (Saskatchewan Government, 2008). Furthermore, 
different agriculture activities such as using of fertilizers and leaching of agriculture 
runoff into groundwater are also a main reason of having TDS in the groundwater 
(Thiros, 2010). 
Elangovan (2009) referred to TDS ranges regarding their use for drinking and 
irrigation. According to his classification <500 mg/l is desirable for drinking, 500-
1000 mg/l is permissible for drinking, 100-3000 is useful for irrigation, and >3000 
considered unfit for either drinking or irrigation. With comparison to his 
classification, TDS ranges of Sweihan samples are not suitable for drinking or 
irrigation as it exceeds 3000 except for sample No.14 (2938 mg/l). 
Comparing results of the study with other previous studies regarding TDS, a 
hydrochemical assessment of Sweihan area concluded that TDS and EC values of 
collected groundwater samples exceeded the WHO limit. The assessment suggested 
that high EC values could be due to the increase amounts of anions and cations 
especially sodium and chloride in the groundwater (ADFCA, 2005).  
Another Study near Sweihan area was done by National Drilling Company, 
concluded that samples studied reached on TDS a value of 10,000 mg/l, while 
15,000 µS/cm for EC. These values are considered not potable for drinking. 
Therefore, groundwater needs to be treated by removing the accumulated salts and 
then used for irrigation (Imes, 2009). Figure 16 represents a contour map of the TDS 











4.2. Chemical Properties  
The chemical composition of groundwater is influenced by the type and amount of 
soluble of rock weathering and decomposition. The main parameters measured to use 






-2. Other trace elements were 
measured as well including Pb, Ba, Cr, Cd, Co, Mn, F, Fe, Sr, Ni, and Al. All the 









Table 2: Chemical species of study area GW analysis  
Sample 
ID 













































SW1 2690671 339272 7.93 30.7 8470 2938 1884.96 160.268 103.074 28.701 2023.5 1900.8 52 15.2 0.9 0 0.02 0.010 0.001 0.002 0.133 0.017 0.009 0.003 0.011 6.024 
SW2 2693735 339021 7.71 29.5 8990 4851 2341.33 159.835 130.824 29.855 1917 3321.6 31 12.5 0.5 0.1277 0.02 0.024 0.001 0.005 0.127 0.005 0.009 0.003 0.011 9.715 
SW3 2695138 337732 7.91 29.6 7760 4966 1858.17 152.33 148.594 28.843 1597.5 2054.4 49.6 9.2 0 0 0.01 0.014 0.002 0.003 0.172 0.017 0.009 0.003 0.019 8.932 
SW4 2700392 337347 7.85 31.2 9510 5421 2565.78 256.898 154.263 44.613 1633 1699.2 43 61.7 0.5 0 0.01 0.014 0.002 0.004 0.180 0.017 0.003 0.003 0.011 9.826 
SW5 2704353 332843 7.71 31.4 13660 5754 3330.01 234.05 325.542 52.025 4047 1968 31 32.1 0 0 0.02 0.018 0.001 0.005 0.289 0.003 0.009 0.003 0.011 11.469 
SW6 2706211 331577 7.7 30.6 10720 6086 2530.83 418.237 282.179 46.345 1952.5 2841.6 30 8.9 0 0 0.01 0.018 0.001 0.005 0.159 0.072 0.001 0.004 0.016 16.584 
SW7 2706952 332417 6.08 29.8 13660 6163 3111.75 541.079 344.091 62.796 3479 3264 0 214.5 0 23 0.032 0.013 0.001 0.005 0.098 0.005 0.004 0.011 0.011 13.761 
SW8 2707624 333972 7.5 30.7 13590 6861 3329.38 444.794 307.96 35.513 3053 3264 19 62.3 0 0 0.01 0.013 0.003 0.005 0.087 0.017 0.003 0.015 0.011 11.312 
SW9 2708176 334462 7.43 29.7 12870 7251 2858.4 668.714 316.738 55.883 2875.5 3350.4 16.4 310 0 28 0.024 0.014 0.001 0.007 0.106 0.017 0.009 0.008 0.046 22.478 
SW10 2708271 335943 7.53 29.3 11330 7629 2663.73 425.963 233.573 41.694 2662.5 2726.4 20.7 46.3 0 0.9 0.031 0.025 0.001 0.003 0.126 0.015 0.001 0.030 0.011 24.812 
SW11 2708806 336667 7.41 31.9 19080 8179 4221.95 358.084 680.62 67.904 5893 3859.2 15.6 25.3 3.5 0.946 0.01 0.025 0.001 0.008 0.308 0.005 0.009 0.003 0.011 26.067 
SW12 2708938 338578 7.94 31.4 7580 8237 1841.57 160.471 118.729 27.589 1952.5 1075.2 53 72.5 0 0 0.018 0.062 0.001 0.014 0.140 0.017 0.002 0.016 0.024 24.989 
SW13 2709916 339414 8.1 32.5 4590 8698 1243.67 44.5542 45.2909 14.796 1065 720 76.8 6.8 0 0 0.01 0.020 0.001 0.005 0.242 0.017 0.001 0.003 0.011 4.610 
SW14 2709218 328708 7.46 30.2 17070 8742 3441.23 863.428 599.271 74.090 4970 3091.2 17.5 26.7 0 0 0.057 0.026 0.001 0.005 0.245 0.092 0.003 0.003 0.067 33.708 
SW15 2709524 325253 7.78 31.2 11920 8742 2772.94 209.154 332.438 58.395 3124 2764.8 36.7 57.5 0.6 0 0.037 0.023 0.001 0.011 0.304 0.235 0.008 0.003 0.011 23.152 
SW16 2705817 330471 7.49 29.2 15230 9747 3501.12 807.44 370.609 67.959 3869.5 3974.4 18.8 88.2 0 0 0.037 0.032 0.001 0.015 0.175 0.009 0.002 0.003 0.011 35.469 
SW17 2705454 329225 7.64 30.3 12780 10925 3004.97 402.121 303.836 51.784 3230.5 3648 26 11.3 2.1 0.7 0.049 0.027 0.001 0.014 0.247 0.042 0.004 0.003 0.011 27.443 
SW18 2713861 324017 7.59 31.8 20000 11245 4732.87 265.38 715.224 74.050 6532 4032 23.7 23.6 0 0 0.039 0.025 0.001 0.005 0.408 0.052 0.002 0.003 0.011 27.549 
SW19 2715528 321195 7.67 30.5 17570 12211 4102.58 510.759 539.56 74.871 5325 2553.6 28 18.1 0 0 0.028 0.022 0.001 0.016 0.407 0.749 0.009 0.013 0.011 26.686 
SW20 2717363 317278 7.35 29.8 23700 12800 4986.04 829.198 966.588 109.687 7952 2937.6 13.6 5.8 0 0 0.023 0.031 0.001 0.011 0.233 0.017 0.009 0.032 0.077 36.498 
SW21 2716527 317690 7.34 31.4 23200 14336 4845.57 571.26 1145.28 84.440 7881 3571.2 13.3 11.2 2.5 0.7 0.029 0.033 0.001 0.016 0.359 0.042 0.009 0.003 0.053 46.587 
SW22 2716856 318426 7.37 30.5 23100 14784 4717.89 819.555 1024.58 89.498 7952 2976 14.2 58.6 0 0 0.01 0.031 0.001 0.005 0.286 0.019 0.001 0.003 0.062 41.984 
SW23 2715210 319558 7.38 30.8 22400 14848 4856.33 595.944 810.448 86.092 7703.5 1420.8 14.6 26.7 0 0.3 0.023 0.030 0.001 0.007 0.365 0.007 0.009 0.003 0.011 35.762 
SW24 2714643 320564 7.42 30.9 25600 14848 5642.39 926.031 1005.99 101.833 8626.5 4368 16 100.8 0 21 0.064 0.040 0.001 0.022 0.214 0.025 0.001 0.003 0.065 40.148 
SW25 2713857 321934 7.39 31.7 23200 15168 5151.5 427.137 1012.45 81.802 7810 3513.6 14.9 80 0 0 0.033 0.024 0.001 0.009 0.359 0.020 0.000 0.003 0.011 36.882 
SW26 2712988 322486 7.8 32.4 24000 15360 5064.61 304.382 1137.75 78.081 8591 2179.2 38.5 42.4 0 28 0.023 0.028 0.001 0.005 0.488 0.028 0.002 0.003 0.041 39.314 





4.3. Major Cations 
The major sequence of cations dominance in groundwater of the quaternary 
sandstone aquifers at Sweihan region has the order of Na+ > Mg+2 > Ca+2 > K+ (see 
Table 3). Below is detailed discussion of each chemical parameter. 
 
Table 3: Mini/Maxi, Mean values, WHO permissible limits of major cations & anions in 
GW samples 
4.3.1. Sodium (Na+) 
Sodium is a highly soluble chemical and it is abundant in the earth. Most rocks and 
soils have sodium compounds, so all groundwater contains some sodium. Sodium 
can be tasted at concentrations of 200 mg/l or more as stated in WHO guidelines for 
drinking water (WHO, 2011). When exceeding the limit, it gives salty taste together 
with the presence of chloride.  
High amounts of sodium in groundwater could indicate pollution from point 
or non-point sources or salt-water intrusion. Heavy consumption of sodium can be a 
risk factor for many diseases (WHO Guidelines, 2006). Natural sources of sodium 




Major cations Major anions 
Na+  K+  Mg+2  Ca+2  Cl-  SO4-2 HCO3- NO3- 
Minimum 1243.7 14.8 45.3 44.5 1065 720 13.3 5.8 
Maximum 5642.4 109.7 1145.3 926 8626 4368 76.8 310 









in the coastal areas. Anthropogenic sources include sewage, agricultural and 
industrial effluents and soil leachate that is high in sodium (Panno, 2006).  
High amounts of sodium in arid and semi-arid basins might occur because of 
evaporate dissolution and evaporation influences (Richter et al., 1993; Edmunds et 
al, 2003). In the study area, the Na+ values of groundwater samples were in the range 
of 1244 to 5642 mg/l. All samples exceeded the standard limit of the WHO, which 
indicates that the groundwater cannot be used for drinking as shown in (Figure 17). 
As groundwater has high TDS and EC, salt solution concentration (NaCl) is 
very common high sodium values in Sweihan area to indicate a significant source of 
agricultural leachate and effluents into groundwater. The use of fertilizers and 
irrigation causes increase in sodium amounts in the groundwater. In addition, poor 
soil texture causes infiltration of sodium easily into groundwater. Moreover, 
Sweihan area is rich of sedimentary ores, such as carbonate, silicate and sulphate 








Figure 17: Na+ values of Sweihan GW samples compared with WHO 2011 permisssible 
limits  
 
Referring to (Figure 18), the highest values are concentrated in the northwest 
towards the east. In previous studies of Food Inspection Centre in Al-Ain, results 






































































































According to (Figure 19), the ratio of 0.94 shows a very strong relationship 
between sodium and chloride suggesting that both sodium and chloride is present 
from the same source. The first source is the heavy agricultural activities and their 
effluents in the area.  The other source could be the high saline water in the area that 
could evaporate and leave the salt behind. Erosion of rock minerals containing salt 
compounds as mentioned previously is another reason (El-Mahmoudi, 2008). 
 
 































4.3.2. Potassium (K+) 
K+ is a very common element found in water and increases during time due to 
dissolution of rocks. The main sources of potassium are feldspars, feldspathoids, 
mica and clays. Generally, it has low concentration of <10 mg/l in natural fresh 
water. Potassium is strongly attached by clay particles on soil and considered one of 
the important fertilizers (Todd, 1980).  
The K+ values in Sweihan groundwater samples range between 14.8–109.69 
mg/l. The high values concentrate in the northwest as expressed in (Figure 20). K+ 
has no standard level for drinking water in the WHO 2011guidelines, as it appears in 
water with amounts that does not have threats to human beings. 
The presence of K+ in the study area could be due to silicate minerals such as 
gypsum, feldspars and clay, which are present in the area. Increasing K+ existence in 
groundwater is a result of agricultural runoff, where K+ is the main constituent in the 
fertilizers that added to crops (Juned, 2011). K+ has a very strong relationship with 
TDS (R=0.9), which indicates that K+ is one of the major contributing element of 
TDS increase in groundwater expressed in (Figure 21) (Allison, 1954). 
Furthermore, K+ has a strong relationship with Na+ as shown in (Figure 22). The 
ratio (R2=0.9) means that both Na+ and K+ originate from same source. This source 
should be the agricultural effluents and runoff that leach through soil into 
groundwater (Chapman, 1996). In addition, sodium and potassium are commonly 








Figure 20: Contour map of K+ distribution of GW samples in the study area 






Figure 21: K+ and TDS relationship of GW samples in the study area 
 
Figure 22: The relationship between K+ and Na+ of GW samples in the study area 


































4.3.3. Magnesium (Mg+2) 
Magnesium is a major constituent found in water. It is found in amphiboles, gypsum, 
pyroxenes, dolomite, magnesite, clay minerals, and weathered minerals from 
ophiolite rocks (Department of Natural Resources, 2002). Magnesium concentration 
in fresh water is less than calcium because of the low geochemical abundance of 
magnesium. 
Concentration of magnesium in the study samples ranges from 103.074 – 
1145.28 mg/l, with the exception of one sample (No.13) of value 45.29 mg/l. 
Magnesium values are all exceeded 50 mg/l which is the permissible limits of WHO 
for drinking water. Magnesium concentration is according to (Figure 23), increases 
in the northwest and decreases toward the east. The reason of the abundance of Mg2+ 
in groundwater is the weathering of dolomite (CaMgCO3)2 (El-Mahmoudi, 2008). 
(Figure 24) expresses the relationship of TDS and magnesium. As magnesium is one 
of TDS main contributors, the relationship ratio between magnesium and TDS is 
high (R2=0.9).  
Magnesium and sodium together as ionic salts have good relationship 
(R2=0.9), shown in (Figure 25). This value indicates that both elements increase in 
the groundwater from the common source, which largely is an agricultural activity. 
Magnesium increases in the groundwater because farmers use the same groundwater 
pumped from wells, which contain magnesium and other elements in irrigating the 
farms, so it increase the accumulation of magnesium in the groundwater. Magnesium 













Figure 24: The relationship between TDS and Mg2+ of GW samples in the study area 
 
Figure 25: The relationship between Na+ and Mg2+ of GW samples in the study area  











































4.3.4. Calcium (Ca+2) 
Calcium is derived from dissolution of anhydrite (CaSO4), gypsum (CaSO4·2H2O) 
and limestone (CaCO3) giving dolomite [CaMg(CO3)2] and calcite (CaCO3). 
Calcium together with magnesium are both common in rocks and water (Obiefuna, 
2011). Calcium ranges in the study area from 44.55 to 926 mg/l. Calcium has two 
trends in the region. It is concentrated in the northeast of the study area and in the 
middle (Figure 26). 
WHO guidelines, 2011 did not specify a permissible limit for calcium in 
drinking water, but stated that calcium permissible limit in groundwater should be 75 
mg/l. according to the WHO (2011) guidelines; groundwater samples in the study 
area are considered not acceptable for drinking purposes. High concentrations of 
calcium in Sweihan area originate from dissolution of sedimentary minerals as 
gypsum (CaSO4·2H2O) and anhydrite (CaSO4) and limestone (CaCO3) which are 
abundant in the study area (El-Mahmoudi, 2008). 
Magnesium and sodium together as ionic salts have good relationship 
(R2=0.9), shown in (Figure 27). This value indicates that both elements increase in 
the groundwater from the common source, which largely is an agricultural activity. 
Magnesium increases in the groundwater because farmers use the same groundwater 
pumped from wells, which contain magnesium and other elements in irrigating the 
farms, so it increase the accumulation of magnesium in the groundwater. Magnesium 













Figure 27: Relationship between Ca2+ and Mg2+ of GW samples in the study area 
 
 
4.4. Major Anions 
The major anions that found to be dominant in the groundwater samples from the 
study were Clˉ, SO4ˉ2, HCO3ˉ, and NO3ˉ. 
4.4.1. Chloride (Clˉ) 
Chloride is a widely spread element in nature, and considered a major constituent in 
groundwater in semi-arid regions. Dissolution of feldspathoid, sodalite and 
phosphate mineral apatite and sedimentary rocks such as evaporites causes chloride 
presence in groundwater (Hem, 1985). Chloride usually forms different 
compositions of salts such as sodium chloride (NaCl-), potassium chloride (KCl-) 
and calcium chloride (CaCl2
-). 























Anthropogenic sources that cause increase in chloride occurrences in 
groundwater are agricultural practices, sewage, industrial wastewater (Ravi Prakash, 
1989). According to the WHO guidelines, chloride level above 250 mg/l in drinking 
water can be detectable and causes salty taste (WHO, 2011). High concentration of 
chloride in groundwater results in high salinity. Heavy extraction of groundwater in 
an area with low rainfall levels could lead to high salinity (Murad, 2011). Chloride 
with small amounts has no or little effect on suitability of water. If it exceeds 600 
mg/l it markedly impair the potability of water. Chloride can be detected in water 
easily by the salty taste of water. Chloride increases the rate of corrosion in water 
pipes (Jamshidzadeh, 2011). 
In Sweihan groundwater samples, Cl- concentration ranges from 1065 to 
8627 mg/l. The trend of concentration increases from east to northwest as of sodium 
trend (Figure 28). Concentration of Cl‾ in the area is considered very high comparing 
with WHO standards (250 mg/l).  As discussed earlier in (Figure 19), Cl- and Na+ are 
related (R2=0.9), which indicates agricultural activities. Moreover, strong 
relationship (R2=0.85) is shown in (Figure 29), between K+ and Cl- indicates that 
agricultural activities in the area is one of the main sources of chloride presence 












Figure 29: Relationship between Cl- and K+ of GW samples in the study area 
 
4.4.2. Sulphate (SO4-2) 
Sulphate is derived from gypsum (CaSO4·2H2O) and oxidation of sulphide minerals 
(Egbunike, 2007). More than 250 mg/l in water causes bitter taste, laxative effects 
for some people, and corrosion of water pipes and distributing systems. It is 
recommended by health authorities that sulphate does not exceed 500 mg/l (WHO, 
2011).  
 Commonly, sulphate is associated with high concentration of chloride, 
sodium, calcium and bicarbonate, and presents in saline water (Yidana, 2010). 
Sulphate concentration varies in the study area and ranges between 720 to 4368 
mg/l. Sulphate has very high concentrations in the region comparing with WHO 
guidelines. Most samples are concentrated in the centre and northwest of the study 
area as shown in (Figure 30).  




























Most related source of its high presence is gypsum and anhydrite, which are 
found in the study area (Thomas, 2012). It concentrates in the centre and northeast of 
the study area. The poor relationship (R2=0.2) between sulphate and TDS indicates 
that sulphate does not contribute to TDS concentration (Figure 31). 
 
Figure 31: Relationship between SO4-2 and TDS of GW samples in the study area 
 
Therefore, sulphate and chloride has no relationship (R2=0.16) suggesting 
that sulphate is not related to agricultural activities as for chloride and sulphate is 
coming from natural resources (Figure 32). Therefore, SO4
-2 concentrations in 
Sweihan region are from dissolution of gypsum and anhydrite present in the area 
(Mohsen, 2013). 























Figure 32: Relationship between SO4-2 andCl- of GW samples in the study area 
 
4.4.3. Bicarbonate (HCO3-) 
HCO3
- is easily dissolve in water and usually originates from weathering of 
feldspars and ferro-magnesium minerals by carbonic acid (Monjerezi et al., 2012). 
As well, it comes from dissolution of carbonate rocks and water-rock interaction 
(Murad et al., 2011). Although, there are no exact permissible limits for bicarbonate 
in WHO guidelines (2011), the presence of HCO3
- in drinking water should not 
exceed 500 mg/l in order to be safe for human consumption. HCO3
- has a critical 
contribution to alkalinity of groundwater (Mohsin et al., 2013). 
 Alkalinity is defined as the ability of water to neutralize an acid and 
expressed in the form of CaCO3. As HCO3
- is derived from CaCO3 and MgCO3, 
alkalinity and total hardness are connected, and relatively have similar ranges (TSC, 
2009). Sweihan area has reasonable concentration amounts of bicarbonate ranging 
between 14-76.8 mg/l. The presence of HCO3
- in Sweihan region is due to limestone 























weathering and feldspars. HCO3
- increases from west and SW towards the NE 
(Figure 33).  
 





4.4.4. Nitrate (NO3-) 
NO3
- ions present in water due to use of fertilizers, biocides during irrigation (Zhang, 
2007). The excessive use of nitrogenous fertilizers, and the presence of sewage in the 
area, could lead to NO3
- leakage into groundwater (Weil, 1990). Nitrate has health 
effect as it could cause blue-baby syndrome for infants after high exposure (WHO, 
2011). The range of NO3
- concentration in the study area is from 5.8 to 310 mg/l; out 
27 samples, 11 samples exceeded the NO3
- permissible limit of 50 mg/l regarding the 
WHO 2011 guidelines. NO3
- increases from south to north as shown in (Figure 34). 
  Murad et al (2011) suggested that if the ratio between K+ and NO3
- is high, 
then the agriculture is one of the main sources for both and agriculture is 
contributing to water quality in the region as shown in (Figure 35). Therefore, 
expressing a negative relationship (R2=0.0056), which concludes that there are other 
anthropogenic contamination sources that contribute to NO3
- concentration other 
than agricultural activities in the area (Choi, 2011). NO3
- could initiates from 
domestic wastewater effluents in the form of ammonium (NH4
+), or from natural soil 
NO3
- in the form of nitrite NO2
- (Boumer, 1978). 
  NO3
- was measured in Sweihan in 2013 as 10 microgram/cubic meter (EAD, 
2014). Therefore, nitrite could be one of the sources of nitrate presence in the study 
area. Other suggested sources are animal manure and septic system. The study area 
contains different types of human activities such as camel farms, poultry farm and 
other feedlots. Animal waste could be one of the major NO3
- sources in the area. 
Septic tanks could be also present in small scales in the area, which lead to adding 
NO3














Figure 35: The relationship between NO3- and K+ of GW samples in the study area 
 
4.5. Trace Elements 
The trace metals are one of the most common and environmentally concerned 
pollutants that severely destroy the aquatic system. The presence of trace metals 
could be from natural or anthropogenic causes. Once trace elements are released in 
the environment, they never disappeared nor destroyed, as they are non-
biodegradable. They are whether dissolved to form ions or complexes, or suspended 
as particulate matter, or accumulated down as bed sediments (Zhang, 2009; Ali et al, 
2013; Tuna et al, 2007).  
Most of trace metals are mobile and have low soluble levels in water. High 
concentration of trace metals in the water, results in deterioration of water quality for 
drinking and irrigation. Moreover, trace metals are toxic to cause serious diseases to 




















organisms leading to death if exposed to high concentrations (Niu et al, 2009). The 
trace metals in Sweihan area are chromium, lead, and strontium as shown in Table 4. 






% of wells 
exceeding the 
limit 
Aluminum (Al) 0.01-0.06 0.2 0% 
 
Barium (Ba) 0.01-0.06 0.7 0% 
 
Cadmium (Cd) 0.001-0.003 0.003 0% 
 
Cobalt (Co) 0.002-0.02 0.4 0% 
 
Chromium (Cr) 0.09-0.49 0.05  100% (27) 
 
Iron (Fe) 0.003-0.7 No standard 
value  
4 % (1) 
Manganese (Mn) 0.00-0.009 0.1 0% 
 
Strontium (Sr) 4.9-46.6 No standard 
value 
--- 
Lead (Pb) 0.01-0.08 0.01 40% (11) 
 
Nickel (Ni) 0.003-0.03 0.07 0% 
 
Fluoride (F) 0.00-0.04 1.5 0% 
 
Table 4: Significant trace metals in Sweihan area 
4.5.1. Chromium (Cr) 
Chromium is a widely distributed substance on earth's crust. It can be found from 
natural and anthropogenic source. Cr is naturally found in the form of Cr VI 





and saline basins (Godgul et al, 1995). It originates as well from the erosion of 
metamorphic rocks such as serpentinite (Henrie et al, 2002).  
Natural chromium is considered more dangerous than manmade form as it 
presents in the oxidization environment. Moreover, Cr III is commonly found and is 
insoluble and less toxic. Sources of manufactured chromium are tanning, petroleum 
refining and other industrial applicants (Steinpress, 2004). Long-time exposure to 
chromium can lead to the possibility of having carcinogenicity effects. The WHO 
permissible limit for Cr in drinking water is 0.05 mg/l (WHO, 2011). 
Sources of Cr in the study area are natural and synthetic source. The natural 
source of chromium in the study area is the presence of chromite (FeCr2O4) deposits 
in the ultramafic igneous rocks fragments found in the area. These fragments were 
derived originally from Oman Samail Ophiolite in the ancient ages (Hunting, 1979; 
Brown, 1980). Cr is also present in the serpentinite metamorphic rocks, which 
derived from dehydration of ultramafic rocks in the old time (Thomas, 2012).  
On the other hand, Cr could derive from agriculture activities. Some 
chemical multi-nutrients fertilizers called NPK fertilizers contain certain amounts of 
Cr3+ on their production. The continuous use of these fertilizers will trigger the 
increase amount of Cr in the area (Battelle, 1999). Chemical analysis of groundwater 
samples in Sweihan revealed that all 27 samples are above the WHO permissible 
limit (0.09-0.49 mg/l). Chromium is concentrated in the northwest of the area, the 











4.5.2. Lead (Pb) 
Pb mainly comes from municipal networks, water pipes, and plumbing in buildings. 
Pb is present in nature in very rarely in small amounts; it has the tendency to 
dissolve slowly in water, and quickly in hot acidic compounds. That is why; the 
concentration varies depending on pH, temperature and water hardness (Mohan & 
Hosetti, 1998).   
Some of health effects that caused by Pb such as neurodevelopmental effects, 
mortality caused by cardiovascular diseases, impaired renal function, hypertension, 
impaired fertility and adverse pregnancy outcomes (EPA, 2009). As the permitted 
limit of Pb in drinking water according to WHO guidelines, 2011, is 0.01 mg/l, 11 
samples out of 27 found to be exceeded the limit in the study area (Figure 37).  
This high concentration could come from water pipes containing Pb or 
industrial waste and landfill near the area. Agricultural practices influence as well 
the presence of Pb as NPK fertilizers also contain amounts of Pb, which contribute to 












4.5.3. Strontium (Sr) 
Strontium is abundant in the earth. It is one of the alkaline earth metals. It is highly 
soluble in water and water-soluble solutions, and reacts strongly with oxygen. 
Strontium has similar physical and chemical properties of calcium and barium 
(Skougstad & Horr, 1963). Sr is found in nature in the forms of SO4
-2 mineral 
celestite (SrSO4) and carbonate strontianite (SrCO3).  
  Sr has the ability to attach to soil particles after weathering of rocks and 
moves with the particle and infiltrates into groundwater (Kulp, 1952). The WHO 
Guidelines (2011) has no standard level for strontium but the health advisory 
lifetime for strontium is set at 17.0 mg/l (Department of Natural Resources, 2002). 
The availability of sulphate and carbonate in the area allow Sr to present in high 
amounts.  
  Sedimentary fossils present in limestone contain strontium and huge amounts 
of sulphate and carbonate that can be easily react with strontium. As Sr, Ca+2, and K+ 
are involved in ion exchange process; it allows Sr to exchange with K+ and Ca+2and 
to stay in the groundwater of the study area (Hem, 1985). Sr is also associated with 
weathering of gypsum deposits in the area (Department of Natural Resources, 2002). 
In the study area, strontium varies between 4.6-46.6 mg/l. 18 samples out of 27 
exceeded 17 mg/l. it is concentrated in the west part of the study area and have 











4.5.4. Hydrochemical Facies 
The concept of hydrochemical facies is used to explain the different chemical 
characteristics of groundwater by dividing it into categories according to its chemical 
components, and to be able to propose the possible chemical processes and reactions 
occurred between water and its surrounding subsurface constituents including 
minerals.  
  Water types are the phrase used to describe hydrochemical facies. Water type 
is represented by the dominance of each anion/cation exceeding 50% of total 
anions/cations in meq/l%. Only anion/cation which calculated value (meq%) 
exceeded 15 is considered (Altoviski,1962). 27 samples were analysed from 
Sweihan area giving 7 different groupings which are: 
1. Sodium -SO4- Chloride (samples 1,3,4,5,7,8,10,12,13,17,27) 
2. Mg-Sodium-SO4-Chloride (samples 11,15,18,19,20,21,22,24,25,26) 
3. Sodium-Cl-Sulphate (samples 2,6) 
4. Ca-Sodium-SO4-Chloride (samples 9,16) 
5. Ca-Mg-Sodium-SO4-Chloride (sample 14) 
6. Mg-Sodium-Chloride (sample 23) 
  The dominance of all types is sodium and chloride except for two samples, 
which have sulphate as a dominant anion. Magnesium and calcium reveal the second 
order in samples 9,16,14,23. The dominance of sodium and chloride could indicate 
contamination of groundwater by agricultural practices. A process of reverse ion 
exchange of Na-Cl water originates from agricultural wastewater being mixed with 





groundwater hydrochemistry heavily (Salman, 2013). In order to express water types 
in the study area, a trilinear diagram by Piper (1944) is plotted in (Figure 39). 
 
Figure 39: Piper diagram of the hydrochemical facies of GW samples in the study area 
 
The principle of Piper diagram is a three-shaped illustration, two triangles 
and one diamond shape, where the triangles represent the cations (left triangle), 
whereas the anions (right triangle), and the diamond shape expresses the mixture of 














































































































































































percentages of cations/anions regarding total concentrations without giving detailed 
information about water types present in the study area. 
  According to Piper diagram, the interpretation of the anions and cations are 
as following: 
 All samples are settled in sodium and potassium type regarding cations 
concentrations. 
 All samples are settled in chloride type except two samples settled in 
sulphate type regarding anions concentrations.  
 Alkalis (Cl- and SO4-2) are exceeded alkaline earth (Ca and Mg) by having 
chloride as the predominant anion followed by sulphate. The reason of 
chloride dominance is the contamination of agricultural wastewater water in 
the groundwater.  
 Strong acids (sodium and potassium) exceeded weak acids (bicarbonate) by 
having sodium as the predominant cation. The reason for sodium dominance 
is the contamination of groundwater by agriculture effluents. 
  All the samples are located in the saline area of the diamond, ranging from 
15-40, respectively, because the prevalent water type is sodium chloride, which 
attributes to other concentrations. Furthermore, all the samples are ling together 
indicating the similarity of compositions. In order to express the dominance of water 
types, a zonation map was created in as shown (Figure 40), showing Sodium-







Figure 40: Zonation map of the dominant water type of GW samples in the study area 
 
4.6. Water Genesis- Hypothetical Salt Combinations 
Studying water genesis is essential in order to understand the chemical process that 
affect the water body. The analysis used by Sulin's principle is expressed by two 





and NaHCO3, and marine water genesis including CaCl2 and MgCl2. Samples are 
expressed in milli equivalent percent and represented by meq% (Sulin, 1948). 
   Among the 27 samples collected, 8 samples are distinguished to be marine 
origin (samples 14, 19, 20, 21, 22, 23, 24, 25, 26), while the remaining 18 are of 
meteoric origin (samples 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 27). 
All marine origin ((Na/Cl)<1) samples are marine water origin of magnesium 
chloride (MgCl2) permanent salt. It is calculated by (Cl-Na/Mg) < 1. It reveals that 
seven assemblages of salt combinations shown as following: 
1. NaCl > CaSO4 > MgSO4 > MgCl2 > KCl > Ca(HCO3)2 (well no.14) 
2. NaCl > MgSO4 > CaSO4 > MgCl2 > KCl (wells no.24,19) 
3. NaCl > MgCl2 > CaCl2 > MgSO4 > KCl > CaSO4 > Ca(HCO3)2 (well no.20) 
4. NaCl > MgSO4 > MgCl2 > CaSO4 > KCl > Ca(HCO3)2 (well no. 21) 
5. NaCl > MgCl2 > CaSO4 > MgSO4 > KCl (wells no. 22) 
6. NaCl > MgCl2 > CaSO4 > MgSO4 > KCl > Ca(HCO3)2 (well no.23) 
7. NaCl > MgSO4 > MgCl2 > CaSO4 > KCl (well no.25) 
8. NaCl > MgCl2 > MgSO4 > CaSO4 > KCl (well no.26) 
 Samples are exist with permanent salts representing as CaSO4 and MgSO4 
being MgSO4 wider than CaSO4 from the ascending order. Permanent salts may exist 
due to leaching processes of the rocks present in the area which are rich of sulphate 
minerals such as gypsum (CaSO4·2H2O) and carbonate minerals such as dolomite 
(CaMg(CO3)2) which are rich in calcium and magnesium.  
 In addition, calcium and magnesium are having cation exchange processes 





existence of MgCl2 as the marine water origin in the study area indicates that the 
groundwater has gone through heavy pumping, which leads to dissolution of salt 
minerals of deep marine deposits and increase the concentrations of salts in the 
groundwater (Salman, 2013).  
 The second origin is meteoric water origin ((Na/Cl)>1) of sodium sulphate 
(Na2SO4) water type ((Na-Cl/SO4) < 1) and accounting for 18 samples. It reveals the 
following hypothetical salt combinations:  
1. NaCl > Na2SO4 > MgSO4 > CaSO4 > KCl (wells no. 1,8) 
2. NaCl > Na2SO4 > MgSO4 > CaSO4 > KCl > Ca(HCO3)2 (wells no. 3, 6, 12, 
13, 17, 27) 
3. NaCl > Na2SO4 > MgSO4 > KCl > CaSO4 (well no. 2) 
4. NaCl > Na2SO4 > MgSO4 > CaCl2 > KCl > Ca(HCO3)2 (well no. 4) 
5. NaCl > MgSO4 > Na2SO4 > KCl > CaSO4 (well no. 5) 
6. NaCl > MgSO4 > CaSO4 > Na2SO4 > KCl (wells no. 7,11) 
7. NaCl > CaSO4 > Na2SO4 > MgSO4 > KCl (well no. 9) 
8. NaCl > Na2SO4 > CaSO4 > MgSO4 > Ca(HCO3)2 > KCl (well no. 10) 
9. NaCl > MgSO4 > Na2SO4 > CaSO4 > KCl (well no. 15) 
10. NaCl > CaSO4 > MgSO4 > Na2SO4 > KCl > Ca(HCO3)2 (well no. 16) 
11. NaCl > MgSO4 > Na2SO4 > CaSO4 > KCl > Ca(HCO3)2 (well no. 18) 
It is noticed that there are variety of salt assemblages, which indicates ion 
exchange processes in the study area. The wide range of permanent salts (CaSO4 and 
MgSO4) indicates presence of sulphate and carbonate minerals. The dominance of 





to irrigation into the recharge basin (Abdellatif, 2003). A zonation map of the two 
origins is displayed showing the majority of meteoric origin of sodium sulphate 
water type (Figure 41). In addition, the trend of having marine origin magnesium 
chloride-water type concentrated in the northwest and west (samples 14, 19-26) of 







Figure 41: Zonation map of major water genesis of GW samples of the study area 
4.7. Graphical Interpretations  
As noticed from (Figure 42), the relationship between Na+ and Cl- are proportional 
for all samples. This diagram reaffirms that sodium and chloride are originates from 
the same source, which are agriculture activities. 
 
Figure 42: Relationship between Na+ and Cl- of GW samples in the study area 
 
Ternary plot are used for showing the dominance of an ion in samples of a 
certain area. It is principle deals with the ratios of the three elements should at end 
equals to 100 (Rossi, 2000). From the graph (Figure 43) it is showed that the ratio of 













































































Figure 43: Ternary diagram of GW samples in the study area 
Site map is another method of displaying hydrochemical results of 
groundwater samples. It is one of the pattern diagrams where symbols are used on 
the map. The upper half of the pie is expressing the cations and the lower half is 
expressing the anions. The pie size itself represents the TDS amounts in each 
sample. Each pie is expressing the whole concentrations of all cations and anions 
present in the sample in meq/l (Zaporozec, 1972).  
In (Figure 44), it is shown that sodium concentration is highest in all samples 
compared with other cations. Chloride as well is the highest among other anions and 
taking the dominancy. The pie size for all samples is similar indicating the TDS 













































































Figure 44: Site map of GW samples of the study area 
4.8. Groundwater Quality  
In order to use the groundwater f or domestic and irrigation practices, it should be 
analysed using number of criteria. Sweihan groundwater samples will be evaluated 
through four different methods. Total hardness (TH) is the first measurement 
discussed. 
 Calcium carbonate (CaCO3) is used to measure hardness as calcium and 
carbonate is the highly soluble elements in water (Mohsen, 2013). Sodium 
Absorption Ratio (SAR) is another method used to evaluate groundwater. Na+ is one 
of the important parameters to be measured for irrigation purposes. As sodium has 




























calcium (US Salinity Laboratory, 1954). Other methods used are sodium percentage 
(N%) and Magnesium Absorption Ratio (MAR). Each criterion will be discussed in 
detail below.  
4.9. Total Hardness (TH) 
Total hardness is an important measurement for determining the suitability of water 
for drinking, domestic and other industrial purposes. Traditionally, it is a measure of 
the ability of water to act with soap and produce a precipitate. Hard water is rich in 
dissolved minerals, both calcium and magnesium. As water moves through soil and 
rock, it takes these small particles of these naturally occurring minerals and carries 
them into the groundwater.  
  Hardness is caused by dissolved polyvalent metallic ions. Calcium and 




- (WHO guidelines, 2006). Hard water is not dangerous in terms of heath, but it 
affects the taste and purity of water. It also accumulates in pipes and affects the 
pressure of water causing scales in the pipes and municipal distributing systems. 
According to WHO Guidelines (2011), the maximum permissible level of hardness 
in drinking water is 200 mg/l based on the acceptability of water for drinking.  
 In this study, the TH values of water samples are in the range of 297.1-6439.6 
mg/l.  Referring to the classification of hardness, after Raghunath,1990, 0-60 mg/l is 
soft, 61-120 mg/l is moderately hard, 120-180 mg/l is hard, above 180 is very hard, 
100 % (27) of samples are above the prescribed limit (>180 mg/l) for drinking water.  
 In Sweihan area, all CO3
-, Cl-, SO4
-2, and NO3
- are very high in concentration. 





dolomite and limestone, total hardness value is very high too (Murad, 2011). 
Therefore, the groundwater of Sweihan region is very hard and cannot be used for 
drinking or domestic uses. 
4.10. Sodium Absorption Ratio (SAR) 
Sodium is one of the most studied cations, because of its toxicity effects on crops 
and well-known effects on soil texture. High concentration of sodium disperses soil 
colloidal particles, causing the soil to be hard and resistant to water diffusion.  
 The osmotic pressure in the soil then builds up and causes complications in 
water to be absorbed by plant roots (Sherif, 2011). SAR is expressed as the formula 








Equation 1: SAR calculation 
 
The following (Table 5) shows the result of SAR and suitability for irrigation: 
Table 5: Suitability of GW in Sweihan area for irrigation using SAR ratio 
SAR Classification No. of wells (%) 
1-10 Suitable for all types of crops and soil except those 
sensitive for sodium 
0%  
11-18 Suitable for coarse of textured or organic soil with 
permeability 
0%  
19-26 Harmful for almost all soil 30% (8) 





 Groundwater of Sweihan region ratio for SAR ranges from 22 to 34.3 with an 
average of 28.6. High values are concentrated in the west part of the region where 
most of ions are concentrated. Moreover, 8 samples (30%) show a range from 19-26 
and are harmful to use for irrigation practices, while 19 samples (70%) show they are 
not suitable for irrigation because they exceeded the ratio of 27.  
  Wilcox diagram, which is widely used for water stability regarding irrigation 
by comparing sodium ratio and electrical conductance. Respectively, Sodium ratio is 
categorized as S: low, S2: medium, S3: high and S4: very high, while electrical 
conductance, expressed as salinity, is classified as C1: low, C2: medium, C3: high 
and C4: very high (Wilcox, 1955).  
 By using these parameters, a Wilcox plot was constructed as shown in 
(Figure 45). The diagram demonstrates that all samples are out of range, except for 
one sample (No.13). Therefore, groundwater of Sweihan region cannot be used for 







Figure 45: Wilcox diagram of GW samples in the study area 
4.11. Sodium Percentage (Na %) 
The Na percentage is the measurement of sodium content compared to the total 
cations in the sample. Sodium ion involves in cation exchange processes where 
sodium is taken up and magnesium and calcium are released into water. This process 
normally reaches the equilibrium continuously. If sodium increases than other ions, 
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accumulate in plant tissues. This results in reduction of soil permeability and crop 
productivity (Chun-Ming, 2011). 
 Therefore, Na percentage is regarding other ions present using the following 
formula, (after Wilcox, 1955), whereas the values are classified in the (Table 5) 
below, as all concentrations are in meq/l. 
 
Equation 2: Na% calculation 
 
 
Na% Zones No of wells 
< 20 Excellent - 
20 - 40 Good - 
40 - 60 Permissible - 
60 - 80 Doubtful 21 (78%) 
> 80 Unsuitable 6 (22 %) 
Table 6: Shows Na% in various zones 
 
 According to above classification, Na percentage is very high in the study 
area. Twenty-one samples are located in the doubtful zone and six samples are 
located in the unsuitable zones. The results conclude that Na percentage in the study 
area is high, which means that the exchange process is not reaching the equilibrium. 
Hence, soil along with crops is affected negatively from sodium. Groundwater water 
of Sweihan is not suitable for irrigation uses (Yidana, 2010).  
𝐍𝐚 % =  
(𝐍𝐚 + 𝐊)
𝐍𝐚 + 𝐊 + 𝐌𝐠 + 𝐂𝐚





4.12. Magnesium Adsorption Ratio (MAR) 
One of the important criteria of evaluating the quality of groundwater is the amount 
of Mg+2. When Mg+2 content becomes high, the crop yields are affected as the soil 
increases its salinity (Joshi et al, 2009).  
 According to the ratio, (≥50) is suitable and (< 50) is unsuitable, using the 
following equation, where all the concentrations are in mg/l (Ayers & Westcot, 
1985): 
 
Equation 3: MAR calculation 
 
Values of MAR were found to be within the ranges from 0 to 2. This express that 
Sweihan region has good quality of groundwater to be used for irrigation regarding 
magnesium content. 
4.13. Environmental Isotopes in Groundwater 
Groundwater is one of the main components in the hydrological cycle and 
understanding its physical and chemical processes is essential. Isotopes studies are 
geochemical tools that provide good information about hydrogeological 
characteristics of aquifers including origin, time, and rate of recharge and 
interconnections within the aquifer. This helps in assessing and managing 
groundwater resources in better ways (Deshpande, 2003).  
Isotopes are molecules that have same number of protons with different 









commonly used to study groundwater origin. The most common isotopes used in this 
field are 18O and ²H or Deuterium (Richter, 1988). The abundance of 18O is 
measured using the following formula (Craig, 1963): 
 
Equation 4: 18O & 2H abundance calculation 
 
Where δ is the relative, proportion presented by per mile (‰) and (R sample) is the 
isotopic ration of 18O/16O in the sample with respect to an internationally accepted 
standard (R standard). The international standard used is Vienna Standard Mean 
Ocean Water (VSMOW). When δ is positive, it means the sample is enriched, while 
the negative δ means the sample is depleted (Taylor, 2003). 
The isotopic composition of groundwater in Sweihan showed more positive 
or enriched values than negative in δ18O results, which indicates that Sweihan 
samples are enriched with 18O, meaning that groundwater went through heavy 
evaporation periods. Table 7 displays the result of parameters (δ 18O, δD, d-excess). 
The δ18O, in the study area, ranges from -1.00 to 1.72 ‰ and δ D ranges from 
-5.7 to 4.3%. The varieties of values between δD and δ18O indicate that there is more 
than one source of recharge of Sweihan groundwater (Price & Swart, 2006). Besides, 
it suggests that there is more than one source affecting the quality of groundwater. 
These sources are natural from dissolution of rocks and from human influence of 
agriculture input. (Figure 46) displays the isotopic composition of oxygen and 
hydrogen water compared to local meteoric water line (LMWL) for UAE (δD = 8 
δ =  







δ18O + 15), where <8 for evaporation and >8 for condensation (Murad & 
Krishnamurthy, 2004). 
 
ID δ18O δD d-excess 
SW1 0.06 -2.3 -2.8 
SW2 -0.86 -5.7 1.2 
SW3 -0.43 -3.1 0.3 
SW4 0.81 -0.3 -6.8 
SW5 1.01 -0.7 -8.8 
SW6 0.54 -0.3 -4.6 
SW9 1.00 0.9 -7.0 
SW11 0.88 0.3 -6.7 
SW13 -1.00 -5.4 2.6 
SW14 1.14 2.1 -7.0 
SW15 0.56 -1.2 -5.7 
SW17 0.95 0.7 -6.9 
SW20 1.72 4.3 -9.4 
SW23 1.61 3.7 -9.2 
SW27 0.26 -3.6 -5.7 
Table 7: δ18O, δD, d-excess for GW samples in the study area 
The regression line for Sweihan samples are (δD =3.5 δ18O – 2.6), which 
shows a slope of 3.5 and an intercept of -2.6. The slope of 3.5 shows non-
equilibrium process when slope is under eight. This concludes that there are 
evaporation processes in the area and low rainfall (3.5<8). The small intercept of -
2.6 compared with LMWL of 15, indicates that precipitation is very low comparing 






Figure 46: Regression line of δD - δ18O of GW samples in the study area 
 
Moreover, the water vapour in the samples are 3 times bigger for δD than for 
δ18O compared with LMWL (3.5<8). Moreover, the intercept (+15) in the regression 
line indicates the precipitation from seawater. The intercept (-2.6) for Sweihan 
regression line expresses that Deuterium is depleted by 2.6 parts per thousand (per 
mil) relative to LMWL. The depletion of Deuterium is due to evaporation events 
(Price & Swart, 2006). By using d-excess, water vapour can be used to trace the 
source of local precipitation.  D-excess is calculated by the following equation 
(Clark & Fritz, 1997; Dansgaard, 1964) 
 
   Equation 5: D-excess  calculation 
 
Where d is the relative proportions of 18O and 2H contained in water and presented 
by per mile (‰). 
dD = 3.5 dO - 2.6
R² = 0.915

























The d-excess values in the study area ranges from -9.4 to 2.6 ‰. The d-
excess of precipitation is below 15 (for LMWL), which indicates that the 
precipitation has been affected by the raindrop evaporation before reaching the 
ground, whereas the samples falling to the right of LMWL leading to low recharge 
flow (Foehlic et al, 2008; Murad et al., 2011). 
The groundwater salinity could be evaluated by plotting the relationship 
between chloride, representing the salinity, and δD (Figure 47). The trend of 
increasing chloride concentration with enrichment of isotopic composition of H+ 
suggests that the main source of the groundwater in the study area is evaporated 
raindrops (Cindrich & Gudmundssor, 1984; Murad et al., 2011). 
 
 
Figure 47: Relationship between Cl- concentration and 2H isotopic composition for GW in 
the study area 
 
























In addition, the same relationship is plotted for Cl- and d-excess (Figure 48). 
The relationship expresses the trend of decreasing of Cl- with increasing of d-excess 
and the vice versa. It shows that increasing of salinity is affecting the recharge of 
groundwater negatively. It indicates that the effect is mainly by human resources 
other than natural resources including agricultural activities (N’Egrel et al., 2011). 
 





































SUMMARY AND RECOMMENDATIONS 
5.1. Summary 
Abu Dhabi Emirate is characterized by high temperature periods and low 
rainfall amounts in summer and cool temperature with rainfall that could reach 77 
mm in winter. Water resources of Abu Dhabi Emirate categorized of conventional 
water resources including groundwater, wadis flow, and some springs and non-
conventional water resources including desalinated water and treated wastewater.  
Groundwater of Abu Dhabi is suffering from deterioration and contamination 
due to low precipitation amounts and low recharge levels with high consumption. 
These factors lead to threaten the groundwater quality and quantity in the area. The 
main sector of using groundwater in the Emirate is the agricultural sector. The 
Eastern Region and Western Region in the Emirate are famous of agriculture using 
the groundwater as the main source for water supply. Nowadays, groundwater 
scarcity has led farmers to use desalinated water as alternative to satisfy these needs. 
In addition, the Emirate started to use wastewater for irrigating parks, roadsides and 
landscapes, but the uses are very limited due to social issues.   
Sweihan region, which is located in the northeast of UAE country and 
northeast of Abu Dhabi Emirate, has about 275, farms producing different types of 
crops. As Sweihan depends on groundwater mainly for irrigation, quality and 





high salinity, and heavy metals contamination in the groundwater of the area, which 
become a health hazard.   
The current study assesses the groundwater quality using physical properties, 
chemical properties and hydrogen and oxygen isotopes testing. The study showed 
high amounts of TDS reaching 2,938 to 16,384 mg/l. High salinity deriving from 
high TDS values were observed in all samples in the area. The main reasons of high 
TDS values are high anions and cations present in the groundwater due to high 
agriculture activities and heavy pumping of groundwater with no balance of recharge 
leading to increasing of salts accumulation.  
The cations present in the groundwater samples took an order of Na+ > Mg+2 




dominance of all ions was sodium and chloride, followed by magnesium, calcium 
and sulphate. The groundwater in the area was shown to have two water origins, 
which are paleo-marine origin of magnesium chloride and meteoric water origin of 
Na2SO4 water type.  The analysis showed the dominance of sodium and chloride in 
the area due to agricultural effluents, which gives good reasoning of high salinity in 
the studied area.  
Groundwater quality was evaluated using the WHO guidelines in drinking 
(2011) for domestic use suitability and SAR, TH, Na% and MAR parameters were 
implemented for evaluating the groundwater suitability to be used for agriculture 
consumption. Analysis showed that the groundwater is not suited for either domestic 





In addition, the groundwater was found to be not suitable for irrigation and 
another water source should be used, or groundwater should be treated before using. 
Hydrogen and oxygen isotopes regression line with comparison to local meteoric 
water line showed that the groundwater has gone through many evaporation 
processes, leading to high salinity due to low recharge. The chloride relation with 
deuterium and d-excess suggests that there are many sources of groundwater salinity 
in the area. 
5.2. Recommendations 
Environmental authorities and governmental agencies regarding groundwater 
reservation have implemented many efforts. Many areas are now under to better 
understand the groundwater behaviour in the area and find better management 
regulations.  
Agriculture sector should be managed better to have sustainable groundwater 
consumption. For better management, government should: 
1. Develop water resources strategic plan 
2. Implement of strict rules regarding pumping of groundwater and unplanned 
drilling of wells. 
3. Implement strict rules for using fertilizers based on their quantities and types. 
4. Monitor the groundwater resources will help better understanding the 
limitations for better use.  
5. Education should be applied including farmers and farm owners of health 
hazards present by using wrong practices. 
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